scales (Beven, 2015; Jencso and McGlynn, 2011; McDonnell and Woods, 2004; Mirus and Loague, 2013; Zehe and Blöschl, 2004) . Moreover, atmospheric drivers, pre-event conditions, and physical catchment characteristics are interacting in multiple, often complex ways that are further obscured by limited data availability. (PUB, Sivapalan et al., 2003; Blöschl et al., 2013) , a better understanding of catchment similarity in terms of physical controls on runoff processes was identified as a crucial requirement (Wagener et al., 2007; Oudin et al., 2010) . Assuming stationarity in hydroclimatic conditions and catchment hydrological behavior, the Budyko framework (Budyko, 1974) has widely been applied to describe catchment climatic similarity based on long-term datasets (Wagener et al., 2007; Merz and Blöschl, 2009 ).
During the IAHS Decade on Predictions in Ungauged Basins
All water balance components are subject to observational uncertainties due to either the measurement errors themselves or conversion of the measured variable to the water balance component, e.g., application of rating curves to calculate discharge from water levels (Di Baldassarre and Montanari, 2009; Westerberg et al., 2011; McMillan et al., 2012) . Difficulties to quantitatively closing the water balance arise when upscaling from point measurements to the catchment scale (Fekete et al., 2004; Moulin et al., 2008) as well as from insufficient knowledge of the physical boundaries, inner structure, and storage volumes of natural catchments. Quantifying actual evapotranspiration (ET) at the catchment scale is especially challenging and subject to various forms of uncertainty because it is not commonly measured onsite but quantified as a remainder of the water balance by (empirical) formula or from soil-vegetationatmosphere models (Camporese et al., 2014; Hupet et al., 2004; Voortman et al., 2016; Yu et al., 2016) .
In hydrological modeling, quantifying and communicating uncertainties was introduced by the GLUE framework (Beven and Binley, 1992) . Especially in climate change impact studies, considerable attention has been given to uncertainties related to model structure and parameterization (Bastola et al., 2011; Choi and Beven, 2007; Gädeke et al., 2014; Wilby, 2005) .
Observational uncertainties of the individual water balance component calculations may exacerbate or neutralize each other, both of which complicate the decomposition of different sources of uncertainty (Kuczera et al., 2010; Conradt et al., 2012) . According to Beven (2002) , such uncertainties in quantifying water balance components are the main obstacles to the application of fully physically based catchment-scale hydrological models as suggested by Freeze and Harlan (1969) .
Knowledge of the physical boundaries and the properties of the porous body of a catchment are essential for balancing matter and energy fluxes (Lemonds and McGray, 2007) . In critical zone research, the need for experimental catchments with well-known boundaries and conditions has been stressed repeatedly (Zacharias et al., 2011; Banwart et al., 2012) . The principal advantage of a constructed catchment is that these conditions, namely the geometries of the surface and subsurface catchment areas and the spatial distribution of the solid phase, are well known . A constructed catchment thus constitutes a near-ideal "landscape laboratory" for investigating hydrological and ecological processes (Gerwin et al., 2009) . A number of artificial catchments being used for environmental studies have been described in the literature in the last 10 to 15 yr, for instance the Hydrohill near Nanjing, China (Kendall et al., 2001) , the Terual coalfield in Spain (Nicolau, 2002) , the Nikanotee Fen watershed in Alberta, Canada (Ketcheson et al., 2017) , the landfill cover experiment at the Los Alamos National Laboratory in New Mexico (Breshears et al., 2005) , or the Biosphere 2 facility in Tucson, AZ (Hopp et al., 2009 ) with its Landscape Evolution Experiment (Pangle et al., 2015) . These constructed catchments and hillslopes will contribute valuable datasets for the hydrological community and provide research facilities for interdisciplinary research Hrachowitz et al., 2013) .
One of the most well-established and largest constructed catchment is the Chicken Creek catchment (a.k.a. Hühnerwasser) in Lower Lusatia, Brandenburg, Germany (Gerwin et al., 2011; Schaaf et al., 2013; Elmer et al., 2013) . It represents an initial ecosystem undergoing highly dynamic ecological development starting from clearly defined starting conditions. The Chicken Creek catchment was constructed and established as an experimental landscape laboratory to study initial ecosystem evolution (Hüttl et al., 2014a (Hüttl et al., , 2014b , especially the formation of structures and patterns and the role of feedback mechanisms in state transitions during catchment development. Because of its dynamic development in terms of increasing hydrological connectivity or vegetation development , spatiotemporal variability of hydrological processes has to be considered. Thus, the catchment can be used to focus on transient behavior rather than to assume stationary physical conditions as is the case in many catchment studies.
In this study, we focused on the water balance dynamics of the Chicken Creek catchment for the period 2005 to 2015 as influenced by ecological development. Thus, our objectives were (i) to illustrate the dynamic influence of abiotic and biotic factors on the hydrology of a highly transient system, (ii) to elucidate and define phases during the development of the ecohydrological system, and (iii) to identify feedback processes that are responsible for these developmental phases.
Materials and Methods

Site Description
The Welzow-Süd. It is located in the state of Brandenburg in eastern Germany, about 30 km south of Cottbus and 150 km southeast from Berlin.
In 2004, the construction began with the creation of a 1-to 2-m-thick clay layer as an aquiclude at the base of the catchment underlying the whole area of 60,000 m 2 (450 by 130 m). The clay layer was formed as a shallow bowl rising on all sides to ensure clear boundaries. On top of this aquiclude, 117,500 m 3 of sandy Pleistocene sediments from the forefield of the open-cast mine were dumped in three time steps by stackers and leveled by bulldozers. The thickness of the aquifer above the clay ranges from 3.5 m in the upper part of the catchment to only a few decimeters in the lower basin. The hillslope has an inclination of 2 to 3.5% in a southeasterly aspect. In the lower parts of the site, the sand and clay layers were constructed to allow the formation of a small pond with a maximum depth of 3.5 m. More details on the construction process were described by Gerwin et al. (2011) . Figure 1 gives an overview of the main characteristics of the site.
The construction of the catchment was completed in September 2005. In a last step, the surface was flattened and left for unrestricted further development. The catchment was fenced to minimize disturbances by vandalism and by frequent larger wild animals. Unlike the neighboring restored areas used for agriculture or forestry, the Chicken Creek site was not ameliorated by applying fertilizers or lime. No plants were introduced artificially by sowing or planting to allow a naturally controlled primary succession.
The analysis of soil samples taken in autumn 2005 at several depths down to the clay layer along a regular grid (20 by 20 m) at 130 grid points showed that the initial substrate conditions were comparably homogenous (Gerwin et al., 2011) . Geochemistry was characterized by low organic matter and nutrient contents but neutral to weakly alkaline pH values due to the presence of carbonates in the substrate. Slight differences exist between the western and the eastern part of the catchment with regard to clay and silt contents, reflecting the natural variation in the postglacial material in the forefield of the mine. While the eastern part can be classified mainly as pure sand, the western part is composed of loamy sands. The area around the pond is dominated by fine sandy to silty sediments (Table 1) . These textural differences among the three main sectors of the catchment are also reflected in infiltration rates and bulk density. The more sandy material in the eastern part showed the highest conductivities and bulk densities.
Monitoring Program
With completion of the construction of the catchment, extensive monitoring equipment was installed to track the ecosystem development (Fig. 2) . The aim was to capture the spatiotemporal variability of meteorological, hydrological, ecological, and soil conditions. Initially, the installations were placed at regular grid points. With the development of the catchment, additional measurements were successively oriented along the formation of patterns and structures.
Meteorological parameters (precipitation, air temperature, wind speed and direction, humidity, and solar radiation at 1-and 2-m heights and soil temperature to account for soil heat flux) were recorded at three weather stations within the catchment (Fig.  2) . Precipitation was corrected using the method described by Richter (1995) .
Soil moisture was continuously logged using frequency domain probes (Theta-Probe Soil Moisture Sensor ML2x, Delta-T Devices) installed at eight stations evenly distributed in the catchment (Fig. 2) , with four soil depths each. Additionally, Table 1 . Soil physical characteristics in the top 30-cm soil depth of the three catchment sectors east, west, and pond (particle size classes are 2.0-0.063 mm for sand, 0.063-0.002 mm for silt, and <0.002 mm for clay). 16 PR2/6 profile probes (Delta-T Devices) were installed and manually measured in biweekly intervals at 16 locations and six depths.
The total discharge from the Chicken Creek catchment was logged at a weir at the outlet of the pond, representing the single discharge point from the catchment, using a tipping bucket in combination with a V-notch weir (Fig. 2) . Changes in storage were monitored by measuring changes in the water level of the pond, soil moisture, and groundwater levels. Pond water levels were automatically recorded using three pressure transducers.
The calculation of the volume of the groundwater body in the Chicken Creek catchment is based on data recorded manually at approximately 20-d intervals. Groundwater gauges were originally arranged in a grid with 60-m distances downslope and 40-m distances perpendicular to the downslope direction (see Fig. 3A ). During a period of more than 10 yr, the number of gauges was considerably increased. The whole set of groundwater data used comprised 17 gauges in 2005 to 40 gauges in 2016 (Fig. 3A) .
For determining the catchment volume filled by groundwater, we applied a geometrical approach using the three-dimensional geological objects modeling software GOCAD (version 2011.3, Paradigm Ltd.) . The measurement data were imported into GOCAD as a point set containing the x, y coordinates of each gauge and a z value representing the measured height of the groundwater table above sea level in meters. In a first step, the clay base liner surface model (i.e., the aquiclude) was defined to serve as the lower boundary for volume body construction (Gerwin et al., 2009; Schneider et al., 2013; Maurer et al., 2011) . The outline of the subterranean catchment was deduced from the aquiclude surface. In a second step, the outline of the subterranean catchment and the point cloud representing the measurements were combined to construct the groundwater surface. We thereby assumed that the groundwater height above the aquiclude was zero along the outline of the subterranean catchment. The above construction steps were repeated for every measurement date, resulting in 176 models of the groundwater surface. To obtain the actual groundwater volume, the groundwater surfaces were combined with a three-dimensional gridded model (SGrid) containing texture and bulk density information. Sediment distributions were generated beforehand using a structure generator program that calculates the typical sediment patterns and structures encountered on the catchment (Maurer et al., 2011 Gerke et al., 2013) . The program generates a sequence of three-dimensional structural elements specific to the technological formation processes (spoil cones), sequentially arranged along the known trajectories of the large-scale dumping machinery (stacker) and conditioned to generate sediment compositions that fit with the actual soil sample measurements from the catchment. The average value of the calculated porosities was 0.28, and the corresponding bulk densities in the model had an average value of 1.91 g cm −3 . Data from soil profile samples (Table 1) showed average bulk densities of 1.70 to 1.80 g cm −3 for the relevant regions, corresponding to an average porosity of about 0.32. The modeled porosities therefore exhibit a deviation of about 13%. This discrepancy can be seen as the error margin depending on whether the point measurement data or the comprehensive modeled data are regarded as representative for the catchment.
Based on bulk density distributions provided by the structure generator data, porosities in the catchment model were calculated. From the geometry of the groundwater table, the three-dimensional groundwater-filled regions inside the catchment model were defined for each measurement date (Fig. 3C) . The volume (mass) of groundwater was then calculated for each measurement date from the calculated porosities and the total volume of the groundwater-filled region.
To calculate the water balance, substrate volume data from the structure model were separated into saturated and unsaturated via the recorded groundwater levels. For the saturated zone, groundwater volumes calculated by the structure model were used (Fig.  3C ). For the unsaturated zone, the difference between the total substrate volume and the groundwater volume from the structure model was multiplied by the measured soil moisture (mean values of four soil depths per time interval). To estimate uncertainties, we used mean values of all soil moisture measurements ± standard errors per time interval. Because soil moisture was not measured before 2008, mean soil water contents of 15, 20, and 25% were used for the years 2005, 2006, and 2007, respectively . No capillary where WL is the water level in the pond. Despite sedimentation in the pond, both equations resulted in differences in the annual water volume change of only 2.7 to 3.8%. Accuracy of the diver probes was 1 cm, resulting in an uncertainty in the water volume calculations of <1%. Because erosion was very much reduced after 2009, no further significant changes in the water level/volume relation were assumed.
For the water balance calculations, annual data for hydrological years (1 November-31 October) were used. The catchment water balance equation was resolved for evapotranspiration, the only part that was not measured directly:
where ET is evapotranspiration, P is precipitation, Q is discharge, and DS is the change in storage. The storage term was calculated for the saturated and the unsaturated volumes and the pond, respectively:
where DS sat. is the change in groundwater storage, DS unsat. is the change in soil water storage, and Dpond is the change in water volume in the pond. All terms were calculated in cubic meters in time steps of one (hydrological) year.
Potential evapotranspiration (PET) was calculated as PenmanMonteith grass reference transpiration according to Allen et al. (1998) using meteorological records from the three weather stations. The climatic water balance was calculated as the difference between precipitation and PET. Vegetation cover was recorded annually at 120 permanent plots during the peak of the vegetation period in July (for a detailed description of the vegetation surveys, see Zaplata et al., 2013) .
6 Results and Discussion
Potential Evapotranspiration and Climatic Water Balance
Annual PET decreased statistically significant over the years (Fig. 4) . Global radiation and temperature showed high interannual variability but no temporal trend. Annual relative humidity showed an increase after 2011, whereas wind speed constantly decreased after 2009.
Potential evapotranspiration was calculated as the PenmanMonteith grass reference evapotranspiration. This is justified at least for the early years, when vegetation cover was low and mainly comprised of grasses and herbs (Fig. 5) . The decrease in PET during the observational period was caused by reduced wind speed recorded at all three weather stations as an effect of increasing surface roughness by growing (woody) vegetation both within and around the catchment. Including plant-specific parameters could improve the calculations.
The climatic water balance (CWB) was subject to strong variations, whereby a seasonal pattern of days with pronounced negative climatic water balance in summer was related to PET and highfrequency variability was influenced by precipitation (Fig. 6 ). Due to higher PET in summer, the cumulated CWB showed seasonal variation in line with the climatic water balance. Aside from seasonal variation, the CWB decreased until 2010 and then increased again. The temporal pattern of discharge followed that of the climatic water balance, especially in terms of the high-frequency variability. However, there was just a weak correlation between discharge and CWB as well as precipitation, the latter being most pronounced in the year with the highest precipitation (2010, r = 0.53). Taking into account daily values for the entire time period 2006 to 2015, discharge and cumulative CWB were uncorrelated. However, there was a weak correlation between these two variables in individual years, which was highest in 2014 (r = 0.43). The seasonal variation of mean groundwater levels followed the cumulative CWB; both variables were at least weakly correlated in individual years after 2009 (r > 0.45). The correlation was highest in the year with the highest storage depletion (2015, r = 0.94).
However, the interannual variations of the cumulative water balance and groundwater levels were incongruent-overall, there was a decrease in the cumulated CWB up to 2010, mirrored by an increase in groundwater levels. In the following years, the cumulative CWB increased while groundwater levels declined. This may be attributed to the decreasing difference between PET and ET, indicating the effect of growing vegetation on the CWB. Until 2010, the filling of the groundwater body proceeded despite a declining cumulative water balance due to the relatively low ET of the scarce vegetation cover. With increasing vegetation development, the ET reached PET, thus groundwater levels dropped despite an increasing cumulative CWB. Both the changes in ET and the differences in the interannual variation of the CWB and groundwater levels suggest that interannual water balance dynamics are dominated by vegetation development rather than meteorological variability.
Vegetation Development
Vegetation development in the Chicken Creek catchment is evident from the increase in vegetation cover (Fig. 5 ). The number of species increased rapidly to >100 and reached 170 in 2015. Grasses and herbs dominate, but woody species increased in both numbers and cover. Mosses showed a peak in 2013, when they covered almost the whole site, but strongly declined thereafter. Woody species were dominated by black locust (Robinia pseudoacacia L.) and other legumes that were more effective in establishing due to their potential for N 2 fixation.
Annual Water Balance
The maximum storage volume of the catchment at saturation would be 35,230 m 3 plus 5185 m 3 in the pond. Due to erosion and sedimentation in the first years, the storage volume of the pond was decreased by 20% (Kleeberg et al., 2010) . The first phase from 2006 to 2010 was characterized by filling processes both of the pond volume and of the sediment pore space. The pond filled to its maximum water level, defined by the weir at the catchment outlet, very quickly in the winter and spring of 2006 due to snowmelt on frozen ground and subsequent surface runoff. About 10% of the precipitation of the first hydrological year was used to fill the pond. Groundwater levels built up gradually until 2010, with seasonal variations (Fig. 6 and 7 ). Due to very high precipitation in 2010, groundwater reached the surface in large parts of the hillslope and the maximum storage volume of the catchment was 92% filled. In this phase, annual storage changes of the groundwater were positive (Table 2) . Because the unsaturated volume was calculated as the difference between total substrate volume and groundwater-filled volume, water storage changes in the vadose zone were negative in this period. After 2010, groundwater levels decreased again, resulting in increasing storage depletion except for 2014. Correspondingly, the volume of the unsaturated zone increased during this period, resulting in positive storage changes. Compared with the large volumes of the main hillslope, the area in the lower part of the catchment around the pond ("basin" in Fig. p. 7 of 14 7) is of less importance for storage and shows much lower temporal variation. The same is true for water storage in the pond, except for the fast filling period in the winter of 2005 to 2006.
Annual discharge from the catchment varied between 0% (in the first year) and 55% (in the wet year 2010) of precipitation. During the 10 yr, only 24% of the total precipitation inputs left the catchment via discharge. Despite the filling processes in the initial years, total storage changes generally account for <10% of the water balance (Fig. 8) . The main output flux from the catchment has been via ET, except for 2010.
Beside the uncertainty in the porosity calculation of the structure model (see above) affecting groundwater storage volumes, errors in the water balance calculation were caused mainly by the variability of the soil moisture data and the calculation of the water storage in the vadose zone. In individual years, the standard deviation of soil water storage varied between 1 and 43% (Table 2 ), but the resulting overall error in ET calculation varied only between 0.4 and 12% (Table 2 ).
Due to the small size of the catchment, uncertainties in precipitation measurements were rather unlikely. Rainfall data of the three weather stations were generally in good agreement, with the exception of Station 1. Since 2012 when all three weather stations operated, annual interception losses increased from 10 to 24% at Station 1, which was overgrown by black locust. Since the area covered by larger trees remained rather low compared with the whole catchment area, interception losses were not taken into account for the presented water balance calculations but should be considered for future years.
We found a significant relationship between vegetation cover in the catchment and ET (Fig. 9 ) except for 2010 when both PET and ET were very low. In 2006 with hardly any vegetation cover, the calculated actual ET was 386 mm, which can be mostly attributed to evaporation. The overall high ET values might be explained by the high groundwater levels, which favored high growth rates, especially of woody plants. The year 2010 could be an exception due to the extremely high groundwater levels reaching the surface in large parts of the hillslope.
The mean value of ET/P and PET/P ratios for the period 2006 to 2015 derived from the water balance calculations plot quite well on the Budyko curve (Fig. 10) . The values for individual years show a general trend of decreasing values for both ET/P and PET/P from 2006 to 2011, except for the wet year 2010 with very low ratios. Starting from 2012, ET/P ratios increase again and deviate more and more from the Budyko curve; 2015 even increases above the theoretical water limit (ET > P). Again, this can only be explained by the intense use of groundwater for transpiration by woody plants.
Feedback Processes
The dataset of the first 10 yr from the Chicken Creek catchment indicates at least three phases in hydrological development (Fig. 11) . In the first, very initial phase, abiotic-abiotic feedback mechanisms between the substrate properties and water (i.e., rainfall events) dominated, resulting in surface sealing, erosion, Table 2 . Components of the water balance of the catchment for hydrologic years 2006 to 2015 (P = precipitation, Q = discharge, PET = potential evapotranspiration, DS sat = groundwater volume change, DS unsat = soil water storage change, Dpond = pond volume change; ET = actual evapotranspiration). p. 10 of 14 and gully formation (Fig. 11a) . These processes controlled runoff discharge in the catchment and also resulted in geomorphologic changes in the hillslope surface. Surface runoff was promoted by the almost complete absence of vegetation and the sealing of surfaces due to the formation of various soil crusts (Badorreck et al., 2013) . In this phase, substrate was transported from the hillslope downhill, forming a sedimentation fan in the lower part above and in the pond. This resulted in a redistribution of particle sizes on the catchment surface, with finer particles being mobilized by fluvial processes and deposited in the alluvial fans and in the pond while the remaining coarse-grained particles and clay-sized particles in stable crusts remained and were relatively enriched on the uphill soil surface. Due to the ongoing filling of storage compartments, namely in the sediment body above the clay layer and in the pond, catchment discharge in this phase was very low and was dominated by single episodic events of surface runoff triggered by rainfall events or snowmelt. . Feedback mechanisms in three phases of catchment development: (a) in the very initial phase, abiotic-abiotic feedback mechanisms between the substrate properties and water dominated, resulting in surface sealing, erosion, and gully formation; (b) after the rapid invasion and establishment of vascular plants, the second phase was increasingly controlled by abiotic-biotic feedbacks, and as the vegetation cover increased, the soil surface was stabilized and surface roughness increased, resulting in reduced erosion and higher groundwater levels; and (c) in the third phase, catchment hydrology was still controlled by abiotic-biotic feedback mechanisms, but biotic components had an increasing impact and evapotranspiration increased due to both evaporation in periods with groundwater tables close to the surface and transpiration resulting from the increase of vegetation cover throughout the catchment, which in turn lowered the groundwater table.
p. 12 of 14
After the rapid invasion and establishment of vascular plants, the second phase was increasingly controlled by abiotic-biotic feedbacks (Fig. 11b) . As the vegetation cover increased, the soil surface was stabilized and surface roughness increased, resulting in reduced erosion. In contrast, a biological soil crust (BSC) developed very quickly and promoted surface runoff in this phase due to hydrophobic behavior and pore clogging (Fischer et al., 2010; Gypser et al., 2016) . Overall, surface runoff and erosion were reduced and occurred only during episodic events after heavy rains or thunderstorms. Groundwater levels increased and promoted plant growth, especially within the gullies, due to higher water availability. After the pond was filled very quickly and the groundwater had increased to high levels, catchment discharge was high and more continuous in this phase.
In the third phase, catchment hydrology was still controlled by abiotic-biotic feedback mechanisms, but biotic components had an increasing impact (Fig. 11c) . The vegetation, especially woody species, clearly profited from the high groundwater table, which allowed strong growth. The BSC developed to a moss-dominated state, which changed their role in hydrologic functioning from reducing infiltration and surface runoff promotion to increasing water storage, infiltration, and soil moisture below the BSC . At the same time, the spatial distribution of the BSC was reduced due to overgrowing by higher vascular plants. Both vascular plants and the BSC altered the soil properties of the uppermost topsoil by increasing the organic matter contents and by accumulation of surface litter, which resulted in higher infiltration. Evapotranspiration increased due to both evaporation in periods with groundwater tables close to the surface and transpiration resulting from the increase of vegetation cover throughout the catchment, which in turn lowered the groundwater table. Especially the higher woody vegetation increased canopy interception. Some of the mainly inactive erosion gullies that were incised deep enough to drain groundwater contributed to greater groundwater discharge in this phase. Surface runoff was almost completely stopped. Due to the elevated evapotranspiration demand, catchment discharge decreased again and was mainly fed by groundwater.
The overall fast development within the catchment also increased both spatial and structural heterogeneity. New patterns and structures developed and new landscape elements were formed (e.g., gullies, sedimentation fan). The three phases of feedback controls on catchment hydrology have to be seen as an idealization of the governing processes, and the transition between them was gradual. Therefore, different parts and patches within the catchment may have been in different phases at the same time or may have remained in single phases for different periods. This behavior would depend mainly on initial variations in substrate properties, on vegetation patterns formed, on the geometry of the drainage network, and on the spatial extent and intensity of the described feedback processes.
Feedback processes can also be seen in the changes in local meteorological variables, especially wind speed and PET, which may be attributed to vegetation development in the Chicken Creek catchment and surroundings.
Conclusions
Time series of meteorological, hydrological, and ecological data enabled us to characterize the transient development of the catchment. Due to the known boundary conditions and the inner structure of the catchment, we were able to quantify the different storage compartments and their role in the hydrologic response.
Our results indicate that for small catchments with a highly dynamic ecological development like the Chicken Creek, knowledge about saturated and unsaturated storage volumes enables a good estimate and closure of the water balance using a rather simple approach, at least in annual resolution. Uncertainties in storage changes in both zones partly compensate each other and the high variability of soil moisture in the vadose zone is of minor impact compared with the storage volume changes. Higher accuracy or less uncertainty still could be achieved by including actual measurements of ET, as was started recently using a scintillometer. Classification of vegetation into functional types regarding transpiration and their mapping using aerial images could be another step to calculate the Penman-Monteith equation more realistically, e.g., by including plant-specific stomatal resistances. Finally, for higher temporal resolutions it needs to be evaluated whether this simple approach is still applicable and how it performs compared with more sophisticated modeling.
The monitoring at Chicken Creek at high spatial and temporal resolution provides a valuable database underlining the high importance of abiotic-biotic feedback effects that changed the hydrologic functioning and response of the catchment more than the water balance itself revealed and thus have to be included in catchment models.
Although the results from Chicken Creek cannot be directly transferred to the surrounding post-mining area or to other disturbed landscapes since the presence of an aquiclude is a very unique situation, a generalization of important processes of early ecosystem development may be possible, e.g., the temporal patterns of erosion and succession or the role of a BSC in the early phase. Another important influence is of course the variability of dumped substrates that may induce specific constraints and the effect of management like restoration or planting. Our findings could be of interest especially for nature conservation site purposes, which amount to 15% of the total reclamation area. On the other hand, at least at longer timescales, many areas in the Lusatian mining district are expected to establish high groundwater tables comparable to the natural situation before large-scale groundwater pumping started as a prerequisite for open-cast mining. In this stage, the hydrologic findings from Chicken Creek may also be helpful to predict the development of these sites.
